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Abstract. Changes in physicochemical, rheological and microbiological properties occurring 
throughout the ripening (on days 0, 7, 14, 21, and 28) of dry fermented sausages made from 
poultry meat were studied. The effect of starter bacteria on the microstructure and sensory 
attributes of dry fermented sausages has also been determined. The results of physicochemical 
analysis of dry fermented sausage shows no significant difference (P < 0.05) between the test 
(inoculated) and the control sausages in the protein, fat, moisture, salt, ash and nitrite content. 
However, the significant difference (P > 0.05) between the control and inoculated batches in 
lowering the pH level, changing the critical shear stress, growth of viable microorganisms, 
accumulation of amine nitrogen during ripening was established. The results show, that 
inculcation of starter cultures accelerates biochemical processes during fermentation and thereby 
provides the necessary functional and technological properties of minced meat. Sensory profiling 
showed a more significant (P < 0.05) acidic and spicy flavour and intensity of acidic and smoked 
meat aroma; and increased firmness and cohesiveness in inoculated sausage. The results of 
microstructural analysis showed that the dry fermented sausages that ripened with the starter 
bacteria (Lactobacillus curvatus, Staphylococcus carnosus, Pediococcus pentosaceus), differ 
from the control sample compacted as a thin surface layer which is formed during the drying, 
smoking and maturation, and that indicates more uniform moisture removal. 
 




Traditional technologies recommend the use of beef and pork as the basic raw 
materials in the production of fermented sausages (Marco et al., 2008). In several studies, 
the compositions of fermented sausages from different meat types, such as goat and 
sheep (St
and mutton (Zaho et al., 2011) have been considered. Given that currently the poultry is 
one of the most commonly consumed type of meat in the world (Tsirulnichenko et al., 
2017), it is important to expand the assortment of products from poultry meat. 
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Traditional production of dry fermented sausages includes the grinding of meat, 
formulation, stuffing into a casing, fermentation, ripening and drying. During the 
extended drying process, the product becomes dehydrated, so the dry fermented sausages 
can be characterized by low moisture content, a significant amount of fat and protein, 
and consequently being of high energy. 
The importance of fermented sausages from the point of view of healthy nutrition 
should be noted. Numerous studies have shown that fermented products that contain 
lactic acid bacteria can have a positive influence on the digestion of nutrients, so their 
consumption has a beneficial effect on the gastrointestinal tract and prevents intoxication 
in the human body (de Vuyst et al., 2008; Turhan et al., 2017). Different probiotic lactic 
acid bacteria might have different functional properties. Kim (2014) demonstrated that 
fermented sausages with probiotic starter cultures have similar physicochemical and 
functional properties to those with commercial starter cultures. Gallego et al. (2018) 
obtained results confirming the potential of dry fermented sausages as natural sources of 
bioactive peptides that can exert certain bioactivities such as antioxidant and ACE 
(angiotensin converting enzyme) inhibitory activities. 
However, despite all the advantages of the product, there is a significant 
disadvantage  production of fermented sausages is one of the most complex 
technologies in the meat processing industry, characterized by its duration and 
laboriousness (Marco et al., 2008). Therefore, the problem of intensification of 
fermented sausages production, and reduction of the technological cycle, is quite topical. 
The solution to the problem includes issues related to the acceleration of structural 
changes, intensifying flavour, taste and colour formation through the application of 
starter cultures, protein supplements, glucono-delta-lactone, fermented sugars and other 
components (Sawitzki et al., 2008). 
To ensure safety for the consumers and the typical characteristics of a fermented 
sausage as a colour and a flavour, it is very important to use starter cultures. Lactic acid 
bacteria (LAB) suppress the growth of pathogenic and spoilage bacteria through the 
antimicrobial properties of their metabolites such as organic acids, hydrogen peroxide 
and bacteriocins (Ammor & Mayo, 2007). Antimicrobial compounds synthesized by 
LAB are considered to be natural preservatives (Tabanelli et al., 2012; El Adab et al., 
2015). 
During the maturation of fermented sausages, biochemical, and microbiological 
processes take place depending on the activity of dominant microorganisms in the meat. 
LAB and coagulase negative cocci are the most active indigenous microorganisms, first 
in the acidification process, and second in denitrification, lipolysis and proteolysis 
(Hammes et al., 1998; Lucke, 2000). 
At the end of ripening, LAB are the dominant microorganisms due to their excellent 
adaptation to the meat environment and their faster growth rates during fermentation and 
sausage ripening. LAB play an important role in meat preservation and fermentation 
processes because they affect both the technological properties and the microbial 
stability of the final product (Lorenzo, 2012; Daba & Saidi, 2015; Cardinali et al., 2018). 
Obtaining fermented sausages from poultry meat is much more complicated, which 
is due to the morphological and physicochemical composition of raw materials. Poultry 
meat is characterized by its significant water content, and such meat dehydrates much 
more slowly than necessary. Therefore, it is very difficult to process poultry meat, 
especially chicken broilers meat, in fermented sausages using traditional technologies. 
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Due to the accelerated and considerable loss of water the smoked sausages ripen more 
slowly, which can lead to a crumbly consistency and considerable deformation of the 
product. 
Mechanically deboned poultry meat was used in fermented sausages by Dhillon & 
Maurer (1975) and Mc Mahon & Dawson (1976). They observed that in order to obtain 
an acceptable texture and appearance of the product, ground beef or hand-deboned 
ground poultry had to be included in the formula. 
In connection with the foregoing, the purpose of this research is to study the 
influence of starter bacterial cultures on the quality and characteristics of the model dry 
fermented sausages as made from poultry meat. 
 
MATERIALS AND METHODS 
 
Sausage production and sampling procedures 
Sausage formulation includes boneless chicken breast and thigh meat (red and 
white poultry meat), and frozen pork back fat. The bacterial mixture Start Star  was 
used as a starter culture (Germany, HOLKOF GmbH), which consists of lactic acid 
bacteria of the Lactobacillus curvatus, Staphylococcus carnosus, Pediococcus 
pentosaceus strains. 
The raw meat and fat were frozen before grinding at temperature of -4 
sausage filling was cooked in a vacuum cutter (CFS/GEA Cutmaster). At first, pieces of 
frozen chicken thigh were added (45 kg), then chicken breast (40 kg), starter bacterial 
concentrate (10, 15 and 20 g per 100 kg of minced meat), salt (3 kg), sodium nitrite 
(0.01 kg), sugar (0.2 kg), ground black pepper (0.2 kg), complex food supplement 
Gypsy Plus  (0.9), and glucono-delta-lactone (0.5). For 1 2 minutes before the end of 
grinding, minced pork back fat (15 kg) was added. The mince for the control sample was 
prepared in a similar way, though without introducing the starter cultures. 
The sausage batters were stuffed into edible collagen casing with a diameter of 
45 mm and a length of 60 cm. Next was the pressing stage, in order to form linked 
sausages that were rectangular shape, after which the sausages were hung on the frames. 
The linked sausage was cured for 24 h at 4 90% RH) and the speed of air 
movement was held at 0.1 m s-1. 
After curing, the fermented sausages were smoked in chamber at 20 
by successive cycles in the smoke-air mixture and air mixture supply  mode, the total 
time within the smoke-air mixture supply being 7.4% of the total smoking time. The 
speed of the smoke-air mixture in the chamber was set to 5 m s-1, ensuring a speed of 
passage through the product of up to 8 m s-1. 
After smoking, the fermented sausages were transferred into a climate chamber 
where they were dried in two stages. The first stage was the 5 days at 15 
relative humidity of 82% and air velocity of 0.1 m s-1. The second stage lasted 23 days 
at a temperature of 12  
The pH, water-binding capacity, rheological properties, total amount of viable 
bacteria, amount of amino-ammonia nitrogen and volatile fatty acids were examined to 
assess the influence of starter cultures on microbiological, physicochemical and 
biochemical changes during ripening. For sampling, three sausages of each batch at 
0 day (mix before stuffing) and after 7, 14, 21 and 28 days of ripening were taken for 
microbiological and physicochemical analyzes. 
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Microstructural analysis was carried out to study the effect of starter cultures on 
changes in the structure of poultry meat. At the end of the ripening three sausages from 
each batch were taken for sensory and physicochemical analysis. 
 
Microbiological analysis 
Microbial tests on Standard Plate Count Agar (PCA) were used to determine the 
total number of viable bacteria. Homogenized samples (10 g) were mixed with 90 mL 
of sterile double deionized water (dd water), and serial dilutions were prepared, then 
dilution (0.1 mL) was spread in PCA agar. They were incubated at 37  h, 
counted and expressed as log CFU g-1. 
 
Physicochemical analysis 
Physicochemical analyses during the ripening period included the pH 
measurements, water-binding capacity, the amount of amino-ammonia nitrogen and 
volatile fatty acids. 
The pH values were measured in homogenates prepared by blending 10 g of 
sausage with 40 mL of distilled water for 2 min. Measurements were taken with a digital 
pH meter (model 710 A+) equipped with a penetration probe. The water-binding 
capacity of the fermented sausages was determined as the difference between the 
moisture mass fraction in the samples and the quantity of moisture that were separated 
in the process of the heat treatment. 
The amount of amino-ammonia nitrogen was determined according to a method 
based on the binding of amino groups and ammonia with formaldehyde in a neutral 
solution, followed by titration of carboxyl groups with sodium hydroxide, the amount of 
which is equivalent to the number of free amino groups. 
The amount of volatile fatty acids was determined by a method based on the 
separation of volatile fatty acids accumulated in poultry meat during the hydrolysis and 
oxidation of lipids using steam distillation and the determination their amount by 
titration with a solution of potassium hydroxide. The amount of volatile fatty acids is 
expressed in milligrams of potassium hydroxide used for titrating volatile fatty acids 
isolated from 100 g of sample. 
Moisture, fat, protein and ash content in sausages samples were determined 
according to standards recommended by the International Organization for 
Standardization. The percentage of moisture was calculated by the weight lost by the 
experimental sample (5 g) maintained in an oven (Memmert, UL 60) at 105 
constant weight was achieved. Fat and protein content were analysed using Soxhlet 
extraction and protein determination by the Kjeldahl method, respectively. 
The sodium chloride and sodium nitrite contents were determined according to the 
AOAC methodology (2002). 
Investigations of rheological properties (critical shear stress) of fermented sausages 
during maturation were carried out at room temperature (20  1 
analyser (Brookfield R/S) and a rotary viscometer. 
 
Microstructural analysis 
Changes taking place in tissues under the influence of biotechnological processing 
were determined via a histological study of the samples. After the sampling, the samples 
were fixed in a 10% water solution of neutral formalin, which were then washed with 
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cold water and compacted in gelatin. The blocks were cut and compacted in 20% 
formalin solution over 12 hours after cooling the gelatin solution with the samples. Then 
 mm in dimension, and the sections 
were created on a freezing microtome. A section was placed on a glass slide treated with 
an ovalbumin and glycerol. The sections were painted with haematoxylin-eosin. 
Histological preparations were examined under a light microscope (Leika DM 1000). 
 
Sensory analysis 
To conduct a sensory analysis, sausages were subjected to microbiological research 
and their microbiological safety was proved (Solovyova, 2015). 
A sensory evaluation was performed on the control and inoculated sausages at the 
end of the ripening process. A total of 15 experienced panelists, including staff members 
of Department of Food and Biotechnology and experts from food enterprises who had 
experience in assessing fermented meat products were chosen to perform a sensory 
characterization of the batches (ISO 8586 2:1996). The panellists were trained for 
2 weeks according to the attributes and scale recommended by the International 
Organization for Standardization (2012). 
The preparation of the samples for the sensory evaluation consisted of removing 
the casings and slicing cold sausages into equally sized pieces, each 0.5 cm thick. Single 
slices were placed into odourless, plastic white dishes and served at room temperature. 
Each sample was evaluated three times. Water and unsalted crackers were provided to 
cleanse the palate between samples. 
The sensory quality was characterized on the basis of 16 sensory traits: five odour 
attributes (smoked meat aroma, rancid aroma, spicy aroma, acid aroma, mould aroma); 
three appearance attributes (fat distribution, colour intensity and colour homogeneity); 
three texture attributes (firmness, cohesiveness, fattiness); five attributes of flavour 
(smoked meat flavour, spicy flavour, acid flavour, rancid flavour and saltiness). 
Each parameter in the sensorial analysis was evaluated by means of a scale from 
1 to 9 with anchors of 1 meaning no intensity or extremely low intensity, 5 meaning 
regular intensity of dry-fermented sausage and 9 meaning extremely high intensity. 
 
Statistical Analysis 
  0.05 were taken 
to indicate statistical significance. The data were analysed by One-way ANOVA using 
free web-based software offered by Assaad et al. (2014). 
 
RESULTS AND DISCUSSION 
 
Microstructural analysis 
Microstructural studies can identify changes occurring in individual structural 
components and differentiate the characteristics of tissue and cellular structures. 
Proteolysis of proteins occurs during the ripening of fermented sausages under the 
influence of enzymes present in meat tissues or by enzymes of microbial origin from 
added starter cultures (Mejri et al., 2017a), which leads to certain changes in the structure 
of animal tissues. These changes cause the formation of a specific texture of raw 
sausages (Katsaras & Budras, 1992), and their intensity can be detected using 
microstructural studies. 
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In a microstructural study, it was found that the mince of the control (Fig. 1) and 
the test (Fig. 2) samples of the sausages was homogeneous, dense-friable, and slightly 
vacuolized. 
The basis of the mince is a fine-grained protein mass with fat cell components 
uniformly distributed throughout the sample. There are isolated groups of unchanged 
striated muscle bundles which have retained their shape and size and which fit tightly to 
each other (Fig. 1, a). 
Fig. 1, b shows that the muscle fibres are swollen bundles that have retained their 
integrity, and the boundaries between them are difficult to distinguish. There is 
practically no transverse and longitudinal striation of muscle fibres. Bunches of collagen 
fibres and smooth muscle tissue are weakly expressed in a state of colloidal mucoid 
swelling. 
 
a)  b) 
 
Figure 1.  
 
Individual fragments and conglomerates of fibres and bundles of transverse striated 
and smooth muscle with a pronounced degree of treatment are noticeable in the prototype 
(Fig. 2, a). This is due to the formation of a spatial framework, accompanied by the 
destruction of the cellular structure of the tissues, as caused by the activity of 
microorganisms, the development of the autolysis processes and the morphological 
features of muscle tissue. 
 
a)  b)  
 
Figure 2.  
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There are single islets from unchanged muscle bundles that have retained their 
shape and dimensions and fit tightly to each other (Fig. 2, b). However, unlike the control 
sample, bundles of smooth muscle and connective tissue fibres have a more restructured 
and unfolded structure. 
The results of microstructural studies show that the addition of the starter cultures 
caused significant changes in the structure of the muscular and connective tissues, 
namely the loosening of the bundles into separate fibrils and their fragments. This is due 
to accumulation of lactic acid during the starter bacteria reproduction and their 
proteolytic activity. This contributes to the softening of raw materials. Aktas & Kaya 
(2001) determined the destructive effect of lactic acid on animal tissues. Katsaras & 
Budras (1992) noted a change in the structure of native muscle proteins results from 
different technological processes (chopping, salting, and fermentation). The salting leads 
to changes in the original protein structure through swelling and partial dissolution of 
myofibrils. The formation of a matrix of fermented sausage and its specific structure 
occurs during the maturation of sausages under the influence of lactic acid and due to 
the gradual loss of water (Katsaras & Budras, 1992). 
 
Physicochemical analysis  
Such physicochemical parameters as pH, salt and moisture content can be attributed 
to typical  characteristics for dry fermented sausage (Montanari et al., 2018). 
The pH values underwent a rapid reduction in the control and inoculated sausages 
(Fig. 3), but in the samples with 0.02% starter cultures, the pH decreased more quickly 
and reached a value of 4.95 (P < 0.05) for by the 14th day. When 0.015% starter cultures 
were added, the pH reached 4.9 (P < 0.05) after 21 days of ripening, whereas in the 
control sample over the same period, the pH reached 5.32 (P < 0.05). Sawitzki et al. 
(2008) determined a similar dependence where during the first 7 days of fermentation 
the pH values decreased from 5.60 to 4.97 in the inoculated salami, while in the control, 




Figure 3. Dynamics of pH change during ripening. 
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During the ripening of fermented meat products, LAB fermented glucose to lactic 
acid, which was responsible for the decrease in pH (Parente et al., 2001; Drosinos et al., 
2007). 
The results show (Fig. 3) that by day 28 of the ripening/fermentation, the rate of 
decrease in pH was slowing down. The same disposition was defined in the study of 
fermented sausages conducted by Zdolec et al. (2008). These gradual changes in pH are 
explained mainly by the reduction in the number of LAB due to the exhaustion of the 
sugar and, secondly, to the proteolytic activity generated by microorganisms (Katsaras 
& Budras, 1992; Rai et al., 2010). 
Water-binding capacity (WBC) affects the formation of the sausage structure. The 
results of the experimental studies (Fig. 4) show that large decrease in WBC was 
observed in samples using starter cultures, which correlates with the dynamics of pH 
change. Similar results were obtained by Nesterenko (2014), who found that in samples 





Figure 4. Dynamics of water-binding capacity change during ripening. 
 
This effect is due to rapid glycolysis and the accumulation of acidic metabolic 
products of bacteria that reduce the pH value and, accordingly, affect the properties of 
muscle proteins (Mejri et al., 2017b). The decrease in pH causes a reduction in the water-
binding capacity of the meat, accelerating the drying process aging (Ty pp nen et al., 
2003). Mauriello et al. (2004) reported that water-binding capacity decrease is related to 
pH decrease. When the pH rates are close to the isoelectric point of protein, the 
functional properties of meat proteins are reduced and dehydration occurs. 
One of the characteristics that makes sausage such an appreciated product is its 
texture, which is related to the mechanical properties of the product (Daros et al., 2005). 
Consistency of minced and finished products is best characterized by the value of the 
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critical shear stress (Figs 5, 6). This indicator was used for technological assessment of 








Figure 6. Example of a diagram obtained on the texture analyser (Brookfield R/S) when 
examining the critical shear stress of the dry fermented sausage samples after 28 days of ripening. 
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The data presented in Fig. 5 indicates that the compression of minced meat in a test 
sample with the addition of starter cultures is faster than the control. After 7 days of 
ripening, the critical shear stress in the test samples (1655, 1685 and 1695 Pa, 
respectively, (P < 0.05)) significantly exceeds this value in the control sample (1510 Pa 
(P < 0.05)). Structure formation for the control sample was complete by 21 days. 
Reducing the pH level to the value of the isoelectric point of muscle proteins leads to a 
decrease in the hydration properties of the meat system. Reducing the moisture content 
correlates with the formation of a dense structure of sausages, therefore, the shear stress 
increases. These results are in agreement with those found by Mejri et al. (2017b), who 
determined that the hardness of the control and inoculated sausages increased by 28 days 
of ripening. The authors attributes this to a decrease in the moisture content (drying of 
the sausage) and a corresponding increase in the level of fat. In addition, this was perhaps 
due to the accumulation of nonprotein products, namely exopolysaccharides, as a result 
of the lactic acid bacteria activity (Ruas-Madiedo et al., 2002), and this directly effects 
the structural formation of minced meat during maturation. 
Thus, the use of starter cultures contributes to the formation of a dense surface layer 
and the monolithic structure of minced meat. 
To evaluate the effect of starter culture on lipolysis and proteolysis intensity, 
volatile fatty acids and amine nitrogen content were determined through ripening period. 
Organic acids, in particular volatile fatty acids (VFA) and amino acids that accumulate 
in the minced meat, are associated with the formation of a specific aroma and taste of 
the sausage. The results of the studies (Figs 7, 8) show that during the ripening of minced 





Figure 7. Dynamics of accumulation of amine nitrogen during ripening. 
2275 
Thus, after 7 days of ripening, the maximum amine nitrogen content and VFA in 
the test samples was 4.05 and 0.34 mg in 100 g (P < 0.05), respectively, and in the 
control sample such values were achieved by 12 days in terms of the VFA content, and 
only by 28 days in terms of the amine nitrogen content. The dynamics of amine nitrogen 
and VFA accumulation indicate an acceleration of the ripening in inoculated sausages in 
comparison with the controls. 
The hydrolysis of meat proteins generates polypeptides that can be further degraded 
to smaller peptides and free amino acids, where such degradation can be caused by 
endogenous and microbial enzymes, as reported by a number of different authors 
(Hughes et al., 2002; AroAro et al., 2010). El. Adab et al. (2015) demonstrated that in 
sausages inoculated with S. xylosus and L. plantarum, the free-acid content increased 
from 2,059.82 mg kg-1 to 3,461.07 mg kg-1 as a result of proteolysis. This difference in 
total free amino acid accumulation was related to the proteolytic activities of microbial 
enzymes. These amino acids play an important role in development of characteristic taste 




Figure 8. Dynamics of accumulation of volatile fatty acids during ripening. 
 
The results of physicochemical analysis of dry fermented sausage (Table 1) shows 
that there are no significant differences (P > 0.05) between the test (inoculated) and the 
control sausages in terms of the protein, fat, moisture, salt, ash and nitrite contents. The 
moisture content in the sausages was between 29.8 and 31.4 (P < 0.05), which is typical 
for dry fermented sausages. Sawitzki et al. (2008) and Mejri et al. (2017b) obtained 
similar results, where these authors observed no significant difference (P > 0.05) 
between the inoculated and the control sausages. However, the determined that the 
moisture content was somewhat higher than the value reported in dry fermented Chinese-
style sausage by Rai et al. (2010). 
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Table 1. The results of the physicochemical analysis of dry fermented sausages 
Indicator 
Value of indicator for samples of dry fermented sausages, % 
Control Test 1 Test 2 Test 3 
Protein 28.7  0.64b 29.6  0.52ab 31.1  0.42a 31.2  0.58a 
Fat 34.2  0.86 33.2  0.94 32.9  0.74 33.5  0.62 
Moisture 31.4  0.20a 30.8  0.36ab 30.2  0.22ab 29.8  0.41b 
Ash 4.52  0.16 4.46  0.16 4.44  0.12 4.4  0.14 
Salt 3.76  0.12 3.74  0.08 3.8  0.06 3.82  0.08 
Nitrite 0.003  0.001 0.003  0.001 0.003  0.001 0.003  0.001 
Designation: test 1  inoculated sausage 0.010%; test 2  inoculated sausage 0.015%; test 3  inoculated 
sausage 0.020%.  SEM, n = 5 per treatment group. Means in a row without a common 
superscript letter differ (P < 0.05) as analyzed by one-way ANOVA and the TUKEY test. 
 
Microbiological analysis 
It is known that the maturation process of fermented products is based on the vital 
activity of lactic acid bacteria which gradually become dominant, suppressing 
the development  of  pathogenic  bacteria  (Drosinos et al., 2007;  El Adab et al., 2015). 
However, it is not always possible to 
set the ripening process on the right 
track for fermented products, and as 
a result bacterial deterioration can 
take place (Sawitzki et al., 2008). 
According to Drosinos et al. (2007), 
Sawitzki et al. (2008) and Mejri et al. 
(2017b), the microbial population of 
lactic acid bacteria in fermented 
sausages is equal to or lower than 
4.5 log CFU g-1 at the beginning of 
fermentation without introduction 
of starting cultures. We obtained 
similar results at the start of 
fermentation where the amount of 
viable bacteria was 3.4 log CFU g-1 
in the control sample and from 3.8 
to 4.1 log CFU g-1 in the test 
samples (Fig. 9). The amount of 
viable bacteria by day 21 was 
6.0 log CFU g-1 in control sample 
and up to 9.2 log CFU g-1 in the test 
samples, and which thereafter 
remained at the same level until the 






Figure 9. Growth of microbial population during 
ripening. 
The results of the studies indicate a high survival rate of the microorganisms 
included in the starter cultures, the metabolism of which ensures the microbiological 
safety of dry fermented sausages. Gao et al. (2014) demonstrated that lactic acid bacteria 
improve the safety, stability and shelf life of meat products. 
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Sensory analysis 
The four types of sausages were subjected to a sensory evaluation of 16 
characteristics as carried out by 15 experienced panellists. Fig. 10 shows the results of 
the descriptive sensory analysis of the sausages at the end of the ripening period. 
The complex studies concerning the importance of sensory attributes and their 
perception by consumers have shown that flavour is always the most important attribute 
of food products, followed by texture and appearance (Jaworsk & Hoffmann, 2008). 
Among the 16 descriptors considered in the test, significant differences were 
obtained in the traits characterizing the flavour, texture and appearance of the sausages. 
Regarding the flavour, the addition of commercial starter bacteria significantly 
affected the acidic and spicy flavours and saltiness. The highest values of acidic and 
spicy tastes were obtained from the batch containing 0.02% bacterial concentrate. The 
lowest value corresponded to the control sausages. On the other hand, we observed 
slightly higher scores for rancid flavour and smoked meat flavour intensity in the control 
batch, but the differences were not felt to be significant. Furthermore, the saltiness of the 






Figure 10. Sensory evaluation of control and test (inoculated) sausages. 
 
The highest acid taste score in test batches agreed with those reported by Lorenzo 
et al. (2016), who also observed that non-inoculated sausages gave the lowest acid taste. 
Our results are consistent with the data obtained for pH values, where, as commented 
above, test sausages gave significantly lower pH values than the control sausages. 
The extent of the rancid flavour in the control samples agreed with the results 
reported by Cenci-Goga et al. (2012), who found a more pronounced rancid taste in 
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salami made without the addition of starter cultures. The results of the sensory analyses 
confirm the antioxidant effect of the starter cultures in controlling lipid oxidation, which 
positively influence the sensory properties of sausages. 
During the analysis of the aroma of inoculated sausages, a positive correlation 
between the amount of starter bacteria and the acid, spicy and smoked meat aroma 
intensities was established. 
Starter bacteria noticeably influenced the texture of the sausages compared with the 
control sample. Inoculated sausages presented greater firmness and cohesiveness; they 
had a better texture, which is in agreement with the instrumental rheological analysis. 
No significant difference was found between any of the samples in terms of fattiness. 
The test sausages presented higher colour intensity and colour homogeneity than 
the control sample. The most acceptable appearance was observed in sausages 
containing 0.02% starter bacteria. These findings were in agreement with the results 
obtained by other authors, who found a more intense red colour in inoculated than in 
control sausages (Andrade et al., 2010; Essid & Hassouna, 2013). The colour formation 
is related with the nitrate reductase activity of the starters used in this study, which 




This study demonstrated that the introduction of starter cultures accelerates 
biochemical processes during fermentation/ripening and thereby provides the necessary 
functional and technological properties of minced meat in the production of dry 
fermented sausages from poultry meat. This was confirmed by the results of physical 
and chemical studies, which showed a greater decrease in pH, WBC, accumulation of 
amine nitrogen, and increased critical shear stress in the test (inoculated) samples 
compared to the control sample. Microstructural and microbiological studies also 
confirm the effectiveness of using the starter bacteria in the production of dry fermented 
sausages from poultry meat. The results of intensive proteolysis and lipolysis, which 
develop due to the enzymatic activity of microorganisms, is responsible for the formation 
of the specific taste and aroma of the sausages, as determined during the sensory 
analysis. 
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